The plant species occurring in the savanna region of the Cerrado biome in Brazil present typical morphological and physiological adaptations to a dry climate with seasonal occurrence of wildfires. In this study, the histological features of the root system, the main sites of synthesis and storage of starch and the initial phases of the bud development were characterized in Jacaranda ulei. The anatomical features observed in the root system of J. ulei are related to the needs of the species to survive in the Cerrado. The histochemical analyses demonstrated high synthesis of glucose and glycoprotein after the third day of in vitro culture, in the proximal cells of the cortical parenchyma of the exoderm. Meristematic primordia were observed in the ninth day and the beginning of the meristem formation was observed after 21 days of in vitro culture. Jacaranda ulei displays morphological, anatomical and storage features typical from resprouter species. However, it may be vulnerable to unsustainable exploitation. Considering the importance of this species for local people, more studies regarding its therapeutic properties should be performed, including the planning of appropriate programs for the species management and the production of selected clones through in vitro micropropagation.
INTRODUCTION
The Cerrado biome, in central Brazil, is the most species-rich tropical savanna of the world (Simon et al. 2009 ), housing about 4,400 endemic plant species (Myers et al. 2000) in an environment which ranges from open grasslands to dense woodlands (Hoffmann et al. 2004) . The plant species occurring in the savanna regions of the Cerrado present typical morphological and physiological adaptations to a dry climate with seasonal occurrence of wildfires. Plant responses to fire have been examined extensively in different regions (Bell et al. 1996) and the species have been characterized as fire-sensitive (those killed by fire, called seeder species) or fire-tolerant (those surviving fire, called resprouter species), according to the capacity of regenerating after the burning events (Pate et al. 1991) . Resprouter plants are capable to survive the complete removal of all the aerial parts by fire and to recover relatively quickly by growth of dormant buds protected from the http://dx.doi.org/10.1590/0001-37652013109212
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PAULO R.D. DA SILVA and VALDIR M. STEFENON action of fire either by thick bark or by location near the soil surface (Verdaguer and Ojeda 2002) . Hence, root carbohydrate reserves are crucial for surviving in the savanna's environment, allowing the sprouting of new buds from the subterranean organs (Appezzato-da-Glória and Estelita 2000) . Accordingly, high concentration of root total nonstructural carbohydrates is usually found in plant species growing in the savanna formations of the Cerrado biome (Hoffmann et al. 2004) . Many shrub and sub-shrub species of the Cerrado have already been studied at anatomical and histological level in order to understand the root features related to surviving in this environment, including species from the families Apocynaceae (Appezzato-da-Glória and Estelita 2000) , Asteraceae (Vilhalva and Appezzato-daGlória 2006 , Hayashi and Appezzato-da-Glória 2007 , Appezzato-da-Glória and Cury 2011 , Erythroxylaceae (Alonso and Machado 2007) and Bignoniaceae (Mauro et al. 2007) .
Jacaranda ulei Bureau & k. Schum. is an evergreen shrub of the Bignoniaceae family, native to the savanna formations of the Cerrado. This species has an underground system largely employed in the folk medicine for the treatment of diseases as rheumatism, backache, skin disorders, urinary tract diseases and amoebic dysentery (Barros 1987, Neto and Morais 2003) . Despite its ecological and therapeutic importance, no studies on the underground system of this species have been developed up to now. In this study, we describe the histological features of the root system and characterize the main sites of synthesis and storage of starch and the initial phases of the bud development in Jacaranda ulei in in vitro conditions, in order to achieve new information on the biology of this species.
MATERIALS AND METHODS
Mature capsules were collected from 12 donor plants of Jacaranda ulei (five capsules/plant) growing in natural populations in an area of Cerrado in the vicinity of Brasília, DF, Brazil (15°45'S, 47°54'W). Seeds were randomly sampled, surfacesterilized with ethanol and sodium hypochlorite and 30 healthy seeds were selected and inoculated for germination in test-tubes (25 mm×150 mm) containing 25 mL of a culture medium composed by 6.0 g of agar in 1,000 mL of water. The testtubes were closed with aluminum caps, sealed with plastic film and maintained during 30 days in culture room at 25±2°C, 16h photoperiod and light intensity of 40-50 µmol•m -2 •s -1 provided by coolwhite Sylvania ® fluorescent lamps.
For the establishment of the in vitro culture, three explants (1.0±0.3 cm long) were excised from the main root of each plantlet and inoculated into culture tubes containing ¼ MS basal medium (Murashige and Skoog 1962) •s -1 during 30 days.
For the histological analyses, three plantlets were randomly sampled in days 0, 3, 6, 9, 21 and 30 of culture, the root system excised and transferred to a solution of formaldehyde:acetic acid:ethanol 70° (1:1:8, v/v/v) during 24 hours, for fixation of the tissues. The samples were then dehydrated in a graded alcohol series (10-96%) during 30 min at each step. The samples were embedded in Technovit 7100 ® resin and alcohol (1:1, v/v) during 48 h, and then with benzoyl peroxide 0.1 g•mL -1 + Technovit 7100 ® resin for 48 h. Samples were polymerized with dimethyl-sulfoxide and maintained at 60°C during 24 h. In addition to the resin preparation, samples were also diaphanized with xylene and filled with paraffin. For both preparations, sections (10 µm) were obtained using a rotary microtome, mounted on slides with a drop of water for resin or with Haupt's adhesive for paraffin and stained with ROOT HISTOLOGY, STARCH RESERVE AND SPROUTING IN J. ulei 0.0125% basic fuchsin and 1.0% toluidine blue O. For the identification of the sites of synthesis and storage of starch, the samples were stained with lugol solution. Relevant aspects were identified and photographed using a digital camera coupled to a Bioval ® L2000C light microscope.
RESULTS AND DISCUSSION
In this study, in vitro regenerated plantlets of J. ulei were employed for the study of the morphological and histochemical features of the species root development. The use of 6-benzil-aminopurine and indole-3-butyric acid in the ¼ MS basal medium allowed successful development of the root explants and can be considered a promising alternative for in vitro culture of J. ulei. The histological analysis of the Jacaranda ulei roots in transversal section revealed a multiseriate epidermis and a uniseriate exodermis. The cortical parenchyma is composed by eight to ten isodiametric cells with thin walls, from the first to the fifth layers. From the sixth to the most internal layer the cortical cells are hypertrophied and many intercellular spaces are observed. The endodermis is uniseriate and the vascular cylinder concerns a uniseriate pericycle with small cells in comparison to the hypertrophied cortical cells ( Figure 1A) .
These anatomical features observed in the root system of J. ulei are related to the needs of the species to survive in the dry climate of the Cerrado, in which the occurrence of wildfires is recurrent. The capacity of a plant to live on in such an environment is associated to its ability to survive the fire itself and the post-fire conditions, through anatomical and physiological adaptations. Multiseriate epidermis, uniseriate exodermis and two cell types in the cortical parenchyma are characteristics which aid the wildfire survival and the root sprouting in the rainy season. Resprouting is a common plant response to injury from a variety of insults, including drought and fire (Bradshaw et al. 2011) being, therefore, vital in plants of the Cerrado.
In the in vitro cultured root explants, high synthesis of glucose and glycoprotein was observed after the third day, in the proximal cells of the cortical parenchyma of the exoderm (Figure 1B) , revealing the main point of glucose synthesis. Also in the cells subjacent to the exoderm, a high synthesis of glucose and accumulation of starch were evidenced in the third day of culture, mainly in the two initial layers of parenchymatic isodiametric cells of the cortex ( Figure 1B ). In the sixth day, lysis of starch was observed in the cells from two layers of the cortex and many amyloplasts were found within the small parenchymatic cells close to the hypertrophied cells ( Figure 1C ). In the ninth day, the starch was concentrated in the cortex, rounding the dividing hypertrophied cells of the cortical parenchyma ( Figure 1D ), revealing the initial formation of buds. The buds were clearly visualized after 21 days of culture (Figure 2A-B) and the beginning of the sprouting (direct organogenesis) was observed after 30 days (Figure 2C-D) .
The presence of carbohydrate in the cortical parenchyma of other Cerrado species has been reported (Hayashi and Appezzato-da-Glória 2007, Appezzato-da-Glória and Cury 2011), evidencing the importance of this reserve of nutrients for savanna plants. Bell et al. (1996) presented clear evidence that certain features of the morphology, anatomy and nonstructural carbohydrates storage displayed by southwest Australian representatives of the Epacridaceae are preferentially correlated with fire response strategy from either the seeder species (those succumbing to fire) or resprouter species (those capable of surviving fire). Concerning nonstructural carbohydrates storage aspects, resprouter species present higher root starch values than seeders (Bell et al.1996) , as reported by Hoffmann et al. (2004) for J. ulei, in comparison with the forest species J. puberbula.
The accumulation of nonstructural carbohy drates in the roots of J. ulei is associated with the requirement of reserves in order to survive the dry season and to resprout during the rainy season. The initial development of buds in the underground system of J. ulei was characterized after the ninth day, evidenced by the buds observed in the hypertrophied cells of the cortical parenchyma. The starch, the main source of energy of this process, is synthesized in the proximal cells of the cortical parenchyma of the exoderm and transported to the cortical parenchyma, around these Palavras-chave: Bioma cerrado, histologia, savana, fogo.
